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Device and method for patterning structures on a substrate 



Field of the Invention 

The invention provides a device and a method for patterning 
structures on a substrate. 

Background of the Invention 

Usually substrates are patterned by the. use of lithography. 
Using this technique the smallest patterns that can be 
produced are restricted by the resolution of the lithography, 
namely the wavelength of light emitted by a light source used 
and the smallest dimensions of the patterning of the 
photoresist used in the lithography. The smallest dimensions 
which can be produced by the known 157nm lithography 
technology are about 50 run. However, the effort for achieving 
this dimension is enormous and thus only payable when used in 
patterning substrates in rather big quantities. 

Due to this reason, patterning of structures with dimensions 
less than 100 rati is conventionally achieved with e-beam 
lithography or focused electron or ion beam technique, since 
light sources which can produce light with a wavelength of 
less than 100 nm and corresponding photoresists are not 
available right now. Focused electron beams (FEBs) , focused, 
ion beams (FIBs) as well as laser beams and scanning tunneling 
microscope (STM) probes offer unique advantages over classical 
resist based processes. Among these are in situ depositions of 
metals or dielectrics as well as selective etching. Usually, a 
substrate on which the structures shall be patterned is 
scanned with an STM and then the substrate is targeted with a 
focused electron beam or ion beam. All techniques, except 
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laser beams, have the resolution for nm-sized deposition, i.e. 
nm-sized dimensions of the produced structures [1] . 

The FEB and FIB are very expensive. The basic process employed 
5 in. all the above mentioned techniques is a local Chemical 

Vapour Deposition (CVD) process at the position of the beam, 
although the decomposition of the vapour varies strongly with 
the nature of the input energy. Beside the high costs, a 
further drawback of the depicted methods is that the substrate 
10 has to be conductive or at least some portions of the 

substrate have to be conductive so that it is possible to 
start the patterning of the substrate [2] when an STM is used. 
This imposes a great restriction onto the substrates that can 
be used. 

15 

Another drawback of the above-mentioned prior art is that, 
while scanning the substrate is performed with a low current 
density, high current densities have to be applied in order to 
produce an electron or ion beam. Therefore, it is only 
2 0 possible to operate the patterning process in a switching 

manner, i.e. at one time the scanning is performed with a low 
current density, and at another time- the electron beam or ion 
beam is generated for patterning the substrate. This leads to 
the problem that after the substrate is scanned, the scanned 

2 5 areas to be patterned have to be found again. 

Further, the generation of the electron beam or ion beam is 
performed in a pulsed operation, since with usually used STMs 
the necessary high current densities are not achievable in a 

3 0 constant operation. Furthermore, due to the pulsed operation 

with the high current densities the tip of the microscope is 
worn out fast. 

An alternative technique to define structures in dimensions 
35 less than 100 nm is a so-called nanostencil approach described 
for example in [3] . According to [3] an aperture in a 
cantilever of an Atomic Force Microscope (AFM) tip is used as 
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a stencil mask in conjunction with Physical Vapour Deposition 
(PVD) . 

A drawback of this approach is the usage of the PVD that only 
5 have a limited operational possibility. 

From [4] a method for exposing a photoresist is known in which 
method a metalized tip of an AFM is used to enhance the 
electromagnetic field. According to this method an external 

10 light source is used to illuminate a metalized tip with a low 
intensity UV-light that is not capable to do the 
photoconversion . The low intensity UV-light is then enhanced 
via plasmori resonance to an electromagnetic field of an 
intensity that is high enough to do the photoconversion. Only 

15 in the close proximity of the AFM tip the intensity is high 
enough to convert the photoresist. 

It is an object of the present invention to overcome at least 
a part of the disadvantages of prior art systems and methods 
20 and to define patterns of complex shape in close proximity to 
each other where the device and the method is capable to 
define patterns with sub 100 nm dimensions. 

25 Summary of Invention 

The present invention is directed to a device for patterning 
structures on a substrate which device comprises an imaging 
device having a scanning tip, a light emitting device, and a 

3 0 space around the tip, which space comprises a vapour of a 

material which is suitable for Chemical Vapour Deposition onto 
the substrate when decomposed, and wherein the laser device is 
adapted to emit a laser beam, which laser beam has an 
intensity that is not capable to decompose the vapour, onto 

3 5 the tip in such a way that an electromagnetic field induced by 
the laser beam near the tip is high enough to decompose the 
vapour. A holder might be provided for carrying the substrate. 
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In another aspect of the present invention a method for 
patterning structures on a substrate by a device including an 
imaging device and a light emitting device is provided. The 
5 method comprising the steps of: providing, the substrate 

underneath a tip of the microscope, preferably on a holder of 
the microscope, providing a vapour of a material, which is 
suitable for Chemical Vapour Deposition onto the substrate 
when decomposed, in a space between the tip and the substrate, 
10 and exposing the tip to a laser beam emitted by the laser 

device, wherein an intensity of the laser beam is not enough 
to decompose the vapour, in such a way that the tip 
intensifies the electromagnetic near-field to an extend that 
the vapour is decomposed. 

15 

A unique feature of the present invention is that a light beam 
is used to produce structures with dimensions in the order of 
a few nanometers. The weak light beam is emitted from a light 
emitting device onto a scanning tip of an imaging device from 

20 which the weak light beam is amplified to such an extend that 
the electromagnetic . near- field around the scanning tip is 
strong enough to decompose the vapour. After decomposition of 
the vapour or gas near the scanning tip of the imaging device 
a component of the vapour is deposited onto the substrate. 

25 Thus, according to the present invention a movement of the 

scanning tip of. the imaging device can produce nanostructures 
in dimensions of a few nanometers onto the substrate, e.g. 
lines of conductive materials can be deposited onto the 
substrate. 

30 

According to the present invention it is possible to use non 
conductive substrates, since light and a scanning tip of an 
imaging device is used instead of the usage of an electrical 
potential which is applied to a microscope tip, i.e. the use 
35 of electron or ion beams as known in the prior art. 
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A further advantage is that the operation of the method 
according to the present invention does not have to be 
performed in a switching manner, but it is possible to scan 
and pattern the substrate at the same time. This is in 
5 particular advantageous since according to the present 

invention it is now possible to find the patterned structures, 
e.g. conductive lines, in an easy way. 

Furthermore, according to the present invention it is possible 
10 to use Chemical Vapour Deposition (CVD) instead of Physical 
Vapour Deposition (PVD) and thus it is possible to deposit a 
much wider range of particles, as it is possible with PVD. 

The present invention relies on the chemical reaction of a 
15 vapour only in the near field of the scanning tip, since the 
scanning tip enhances the low intensity light field that is 
emitted from a light emitting device onto the scanning tip of 
the imaging device. This near electromagnetic field about the 
scanning tip enhances the temperature in close proximity to 
20 the scanning tip easily to such an extend that the vapour is 
decomposed. This decomposition only in the close proximity to 
the scanning tip results in a deposition of a component of the 
decomposed vapour only in close proximity to the scanning tip. 
The resolution of the deposition is limited by the thermal 
25 conductivity of the substrate, the sharpness of the 

decomposition threshold, i.e. how sharp are the limits of the 
range in which the vapour decomposes/ and the wavelength of 
the incident light. 

3 0 Due to the fact that according to the present invention no 
high current densities are necessary, the deposition of the 
decomposed vapour can be performed in a continuous operation 
mode and not in a pulsed operation mode as it is performed 
according to the prior art. Thus, the method according to the 

35 present invention leads to a smaller wear of the scanning tip 
of the imaging device. 



CH920030009 



6 



Further preferred embodiments are disclosed in the dependent 
claims. The embodiments are described in conjunction' with the 
device according to the present invention but relate analogues 
to the method according to the present invention. 

5 

In an embodiment the light emitting device is a laser. 

In another embodiment the imaging device is an Atomic Force 
Microscope or a Scanning Tunneling Microscope. 

10 

By using an Atomic Force Microscope (AFM) or a Scanning 
Tunneling Microscope (STM) which generally have microscope 
tips with diameters of about 5 nm to 20 nm an easy way can be 
provided to achieve resolutions of the scanning and patterning 
15 of the substrate which are in the sub- lithography range of a 
few nanometers , e.g. up to 5 nm. 

In a further embodiment the laser device is adapted to emit 
the laser beam onto the tip in such a way that the 
20 polarization is parallel to a longitudinal axis of the tip. 

By aligning the polarization of the laser beam and the tip of 
the microscope in such a way it is possible to increase the 
strength of the near electromagnetic field around the tip in 
25 an efficient way. 

In another embodiment the tip has a dimension between 5 nm and 
2 0 nm at maximum. 

3 0 With a tip of such a dimension, i.e. 5 nm, for example, it is 
possible to form structures on the substrate which are of the 
same dimension, i.e. sub- lithographic structures, when a 
distance between the tip and the substrate is in the range of 
about 5 nm to 10 nm. Such dimensions are suitable for 

35 molecular scale electronic. 
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In yet another embodiment the device comprises a plurality of 
substantially parallel tips. 

By the use of a plurality of parallel tips it is possible to 
5 form a plurality of parallel structures on the substrate at 
the same time, i.e. in one single step. Thus, complex 
structures on a substrate can be formed in an easier and 
faster way. For example a plurality of several parallel 
conductive lines can be formed on the substrate. 

10 

In yet another embodiment the wavelength of the laser beam is 
adapted to match the size of the tip so that a sufficient 
amplification of the emitted laser beam is achieved. 

15 By adapting the size of the tip to the wavelength of the laser 
a stationary wave can be generated in the longitudinal 
direction of the tip. Thus, a more efficient amplification of 
the primary intensity of the electromagnetic field of the 
laser beam can be provided. 

20 

In yet another embodiment the tip of the microscope is 
metalized. 

In another embodiment the vapour is a gas out of a group of 
25 gases comprising Hal ides, Hydrides, and Metal Organic 
Compounds . 

Possible Metal Organic Compounds are Metal Alkyls, Metal 
Alkoxides, Metal Dialylamides , Metal Diketonates, and Metal 
30 Cabonyls. 

In a preferred embodiment the vapour is a gas out of a group 
of gases comprising AuClPF 3 , W(C0) 6 , TiCl 4/ TaCl 5 , WF 6 , SiH 4 , 
GeH 4 , AlH 3 (NMe 3 ) 2 , NH 3 , AlMe 3 , Ti(CH 2 tBu) 4 , Ti(OiPr) 4 , Ti(NMe 2 ) 4/ 
35 Cu{acac) 2 / and Ni(CO) 4 . 
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These gases are suitable for Chemical Vapour Deposition and 
thus the structures on the substrate can be easily formed by- 
using these gases in a device according to the present 
invention. Materials which can be used for the structures, 
5 e.g. metal lines, on the substrate are gold, tungsten, 
aluminum, alkaline earth, Ca or Mg. 

Summarizing, one aspect of the invention can be seen in using 
an imaging device, e.g. a microscope in particular an Atomic 

10 Force Microscope (AFM) , together with a weak light beam, in 
particular a laser beam for forming sub-lithographic 
structures on a substrate. A weak laser beam of a laser device 
is' emitted onto a scanning tip of the AFM, i.e. the. microscope 
tip. Usually microscope tips having a diameter between 5 nm 

15 and 2 0 nm. However, according to the present invention the 
diameter of the microscope tip is not restricted to this 
range. A weak laser beam in this context means that the 
intensity of the electromagnetic field of the laser beam is 
not high enough to decompose a gas which is suitable for 

2 0 Chemical Vapour Deposition (CVD) when decomposed. Instead of 

an AFM a Scanning Tunnel Microscope (STM) can be used as well. 
By projecting the weak laser beam onto the tip of the AFM an 
electromagnetic field in the near field around said tip is 
amplified to such an extent that a provided gas, which is 

2 5 suitable for CVD is decomposed and a component of the 

decomposed gas is deposited onto the substrate. According to 
the present invention, different CVD techniques can be used, 
such as Atmospheric Pressure Chemical Vapour Deposition 
(APCVD) , Low Pressure Chemical Vapour Deposition (LPCVD), 

30 Plasma Enhanced Chemical Vapour Deposition (PECVD) , Metal- 
Organic Chemical Vapour Deposition (MOCVD) , Laser Chemical 
Vapour Deposition (LPCVD) , or Photochemical Vapour Deposition 
(PCVD) . 



35 
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Brief Description of the Drawings 

In the following the invention is explained with reference to 
embodiments represented in the drawings, wherein: 

Fig. 1 shows a field distribution around a tip of an Atomic 
Force Microscope; 

Pig. 2 shows a device for patterning structures on a 
substrate according to an embodiment of the present invention; 
and 

Fig. 3 shows a device for patterning structures on a 
substrate according to another embodiment of the present 
invention. 

Detailed Description of Preferred Embodiments of the Present 

Invention 

Fig* 1 shows the field distribution of an electromagnetic 
field around a tip 100 of an Atomic Force Microscope (AFM) . 
The depicted electromagnetic field is the result of a three- 
dimensional multiple multipole method simulation. Shown in 
fig. 1 is a quadrant of the tip 100 and the surrounding near 
field, which tip 100 is cut along its longitudinal axis. The 
tip 100 was illuminated by a monochromatic laser beam with a 
wavelength of 810 run, e.g. a sapphire laser. Further, the 
direction and the polarization of the incident laser beam, 
i.e. the E and k vectors of the wave, are indicated by the 
coordinate system 101 in fig. 1. In the simulation a gold tip 
having a radius of 5 nm is used, which tip is illuminated from 
the side., Furthermore, a polarization of the laser beam is 
parallel to the tip axis, i.e. the E vector of the laser beam 
is parallel to the tip axis. 
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In fig, 1 the field distribution is shown by contours of E 2 of 
the electromagnetic field around the tip. In the shown contour 
plot the difference between two successive lines is a factor 
of two which means that the intensity of the electromagnetic 
5 field increases by the factor of two from one contour line to 
t h e next contour line when approaching the tip. For 
illustrating the dimensions, a scale is given at the right. 
The total height of the tip and the surrounding 
electromagnetic field shown in fig. 1 represents a height of 

10 about 75 nm. The simulation shows that an intensity 

enhancement of the electromagnetic field at the foremost part 
of the tip is about 3,000 times stronger than the illuminating 
intensity of the laser beam. Furthermore, it arises from the 
simulation that the electromagnetic field is almost 

15 rotationally symmetric in the vicinity of the tip. 

The shown results of the simulation illustrate that it is 
possible to enhance the strength of a weak electromagnetic 
field, e.g. the field of a laser beam, by illuminating a tip 
.20 of an AFM. 

in fig. 2a schematic illustration of a device 200 according 
to an embodiment of the present invention is shown, which 
device is suitable for patterning structures, e.g. for 

25 depositing conductive lines, with small dimensions onto a 

substrate 201. The device comprises an AFM 202, which is only 
schematically shown. The AFM 2 02 comprises a metalized tip 
203. in the embodiment the tip 203 is a gold tip having a 
diameter of 5 nm, but the tip can be made of every other 

30 material suitable for AFM tips. Underneath the tip 203 a 

substrate 201 can be arranged on which conductive lines should 
be formed. Further, the device 200 comprises a laser 204 which 
can illuminate the tip 203 with a laser beam of a low 
intensity, i.e. an intensity that is not high enough to 

35 decompose a vapour or gas that is introduced between the tip 

203 and the substrate 201. The AFM 202 and thus the tip 203 of 
the AFM and/ or the substrate 201 can be three-dimensionally 
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moved which is indicated by the coordinate system 205 shown in 
fig, 2. 

For the patterning of the substrate 2 01 the above-mentioned 
device 200 is inserted into a common Chemical Vapour 
Deposition apparatus (CVD apparatus) . Such a CVD apparatus 
usually comprises a reactor chamber within which deposition 
takes place, a gas delivery system for the supply of 
precursors, i.e. gases which are suitable for CVD, into the 
reaction chamber, a substrate loading mechanism which is used 
for introducing and removing substrates , mandrels etc., an - 
energy source providing the energy/heat that is required to 
get the precursors to react and/or decompose, a vacuum system 
for removal of all other gaseous species other than those 
required for the reaction/decomposition, an exhaust system for 
removal of volatile by-products from the reaction chamber, 
exhaust treatment systems in the case that some of the exhaust 
gases are not suitable for release into the atmosphere and 
require treatment or conversion to safe/harmless compounds, 
and process control equipment such as gauges, controls, alarm 
and safety devices etc. to monitor process parameters such as 
pressure, temperature and time. For clarity reasons such a 
known CVD apparatus is not depicted in fig. 2. 

Gases that are suitable for CVD, i.e. typical precursor 
materials, are fall into a number of categories such as: 

Halides such as TiCl 4 , TaCl 5 , WF 6 ; 

Hydrides such as SiH 4 , GeH 4 , A1H 3 (NMe 3 ) 2 , NH 3 ; 

Metal Organic Compounds; 

Metal Alkyls such as AlMe 3 , Ti(CH 2 tBu) 4 ; 

Metal Alkoxides such as Ti(OiPr) 4 ; 

Metal Dialylamides such as Ti (NMe 2 ) a; 
Metal Diketonates such as Cu(acac) 2 ; 
Metal Cabonyls such as Ni(CO) 4 . 



For patterning the substrate 201 a laser beam 206 is emitted 
by the laser 204 which illuminates the tip 203 while a gas or 
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a vapour suitable for CVD is introduced into a space between 
the tip 203 and the substrate 201. In the embodiment of fig. 2 
AuClPF 3 is used as the gas introduced into the space between 
the tip 203 and the substrate 201. The threshold temperature 
5 for decomposition of AUCIPF3 is about 150°Celsius. As the laser 
device 204, i.e. laser source, a weak infrared source can be 
used, such as a sapphire laser emitting light having, a 
wavelength, of 810 ran. As already mentioned the intensity, i.e. 
energy, of said laser beam 206, i.e. primary laser beam, is 
10 not high enough to decompose said gas or vapour so that no 
deposition of a metal line, i.e. a conductor line, would be 
possible by using this primary laser beam. 

But as mentioned with reference to fig. 1 the electromagnetic 

15 field of the primary laser beam 2 06 is amplified by the tip 

203 of the AFM 202 so that the intensity, i.e. energy, of the 
electromagnetic near field in the close vicinity of the tip 
203 is high enough to decompose said gas or vapour so that a 
CVD can be accomplish forming a line 207 onto the substrate 

20 201. That is the temperature in close vicinity to the tip is 

increased above 150°Celsius and thus the AuClPF 3 is decomposed. 
This results in the deposition of gold on the substrate, while 
the AFM tip is scanning the substrate . Since the 
electromagnetic field is ortly strong enough to decompose said 

25 vapour in close vicinity of the tip 203 a- metal line 207 

having very small dimensions can be formed on the substrate 
201. By using a tip 203 having a diameter of 5 nm lines 207 
having the same dimension, i.e; a dimension of 5 nm, can be 
formed on the substrate. To achieve this dimension a typical 

30 distance between the tip 203 and the substrate 201 is in the 
range of 5 to 10 nm. 

Since the decomposition of said vapour is concentrated in the 
very close vicinity of the tip 203 the metal line 207 is 
35 substantially formed underneath the tip 203. Thus, it is 
possible to achieve metal lines 207 having a desired- 
arrangement on the substrate 201 by moving the AFM tip 203 and 
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the substrate relative to each other corresponding to the 
desired arrangement. In a descriptive way it can be said that 
the tip 203 "writes" the metal lines 207 onto the substrate. 
The metal lines 2 07 will take part in every turnaround of the 
tip 203 leading to an easy way for patterning, the substrate 
2 01, since the electromagnetic field is only strong enough to 
decompose the vapour in the close vicinity of the tip 203. 

In fig. 3 a schematic illustration of a device 300 for 
patterning structures, e.g. for depositing conductor lines, 
with small dimensions onto a substrate 3 01 according to 
another embodiment of the present invention is shown. Contrary 
to the device 200 shown in fig. 2 the device 300 shown in 
fig. 3 comprises an AFM 302 having several tips 303a, 303b, 
303c and 303d. The number of four is not to be taken in a 
limiting sense. According to the present invention every 
desired and suitable number of tips can be used. 

The device 300 comprises the AFM 302, which is only 
schematically shown. The AFM 3 02 comprises a plurality of 
metalized tips 303a, 303b, 303c and 303d. In the embodiment of 
fig.. 3 the tips 303a, 303b, 303c and 303d are gold tips having 
a diameter of 5 nm, but the? tips can be made of every other 
material suitable for AFM tips. Underneath the tips 3 03a, 
3 03b, 303c and 303d a substrate 301 can be arranged on which 
lines, e.g. conductor lines, should be formed. Further, the 
device 3 00 comprises a laser 304 which can illuminate the tips 
303a, 303b, 303c and 303d with a laser beam of a low 
intensity, i.e. an intensity which is not high enough to 
decompose a vapour or gas- which is introduced between the tips 
303a, 303b, 303c and 303d and the substrate 301. The AFM 302 
and thus the tips 303a, 303b, 303c and 303d of the AFM and/or 
the substrate 3 01 can be three-dimensional ly moved which is 
indicated by the coordinate system 305 shown in fig. 3. 

For the patterning of the substrate 3 01 the above-mentioned 
device 3 00 is inserted into a common Chemical Vapour 
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Deposition apparatus (CVD apparatus) as described in reference 
-to fig* 2 and which is also not shown in fig. 3. 

During patterning the substrate 301 a primary laser beam 3 06 
5 is emitted by the laser 304 which illuminates the tips 303a, 
303b, 303c and 303d while a gas or a vapour suitable for CVD 
is introduced into a space between the tips 303a, 303b, 303c 
and 303d and the substrate- 201 . In the embodiment of fig. 3 
AuClPF 3 is used as the gas introduced into the space between 

10 the tips 303a, 303b, ' 303c and 303d and the substrate 301. The 
threshold temperature for decomposition of AuClPF 3 is about 
150°Celsius. As the laser device 304, i.e. laser source, a 
weak infrared source can be used, such as a sapphire 1 laser 
emitting light having a wavelength of 810 nm. As already 

15 mentioned the intensity, i.e. energy of said primary laser 

beam 306 is not high enough to decompose said gas or vapour so 
that no deposition of metal lines, i.e. conductor lines,, would 
be possible by the primary laser beam. 

20 But as mentioned with reference to fig. 1 the primary laser 

beam 306 is amplified by the tips 303a, 303b, 303c and 303d of 
the AFM 3 02 so that the intensity , i.e. energy of the 
electromagnetic near field in the close vicinity of the tips 
303a, 303b, 303c and 3 03d is high enough to decompose said gas 

25 or vapour so that a CVD can be accomplish forming metal lines 
307a, 307b, 307c and 307d on the substrate 301. That is the 
temperature in close vicinity to the tip is increased above 
150°Celsius and thus the AuClPF 3 is decomposed. This results in 
the deposition of gold on the substrate, while the AFM tip is 

30 scanning the substrate. Since the electromagnetic field is 

only strong enough to decompose said vapour in close vicinity 
of the tips 303a, 3 03b, 303c and 303d the metal lines 307a, 
3 07b, 3 07c and 3 07d having very small dimensions can be formed 
on the substrate 301. By using tips 303a, 303b, 303c and 303d 

35 having a diameter of 5 nm metal lines 307a, 307b, 307c and 

3 07d having the same dimension, i.e. a dimension of 5 nm, can 
be formed onto the substrate 301. A typical distance between 
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the tips 303a, 303b, 303c and 303d and the substrate 301 is in 
the range of 5 to 10 nm. 

By using a device 3 00 according to fig. 3 a plurality of 
5 parallel metal lines can be formed on the substrate 3 01 by a 
single step. Thus, the efficiency of the device and the method 
for patterning a substrate can be increased. 

Summarizing, one aspect of the invention can be seen in using 
10 an Atomic Force Microscope (AFM) together with a weak laser 

beam for forming sub- lithographic structures on a substrate. A 
weak laser beam of a laser device is emitted onto a metal ized 
tip of the. AFM. Instead of an AFM a Scanning Tunnel Microscope 
(STM) can be used as well. By projecting the weak primary 
15 laser beam onto the tip of the AFM an electromagnetic field 

around said tip is amplified to such an extend that a provided 
gas, which is suitable for Chemical Vapour Deposition (CVD) , 
is decomposed and a component of the decomposed gas is 
deposited onto the substrate. 

20 

Advantages of the present invention over the prior art are the 
following. The amplification is only done in the near field, 
i.e. few nanometers around the metalized tip, so that the gas 
is only decomposed in the close vicinity to the tip and thus 

25 also the deposition of the decomposed gas is only done in the 
close vicinity of the tip. Thus, structures, e.g. metal lines, 
with dimensions of a few nanometers can be formed on the 
substrate. With a tip having a diameter of 5 nm and a distance 
between the tip and the substrate of 5 to 10 nm lines with a 

30 dimension of 5 nm can be achieved. Such dimensions are 

suitable for molecular microelectronic. However the diameter 
of the tip is not limited to 5 nm, but can be of any suitable 
diameter. Preferably the diameter of the tip corresponds to 
the desired dimensions of the lines, e.g. in case of a desired 

35 line dimension of 10 nm, i.e. a line width of 10 nm, the 
diameter of the tip can be about 10 nm. 
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Another advantage is that the formed structures on the 
substrate can easily be found, since a scanning of the 
substrate and the forming of the lines on the substrate is 
done at the same time. This is possible since the tips is 
5 excited by an external laser beam instead of a strong electric 
field in the tip as in the methods according to the prior art. 
According to the present invention no strong electric field is 
used and thus the lifespan of the tip is increased, compared 
to the prior art according which such a strong electric field 
10 is applied which wears out the tip quite fast. 

Another advantage is that chemical reactions like 
decomposition are only present at the tip where the intensity 
and such the energy is high enough, thus leading to a less 
15 aggressive environment around, the substrate and the AFM. 

Although the present invention and its advantages have been 
described in detail, it should be understood that various 
changes, substitutions and alterations can be made herein 
20 without departing from the spirit and scope of the invention 
as defined in the appended claims. 
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Claims 



1. A device (200, 300) for patterning structures (207, 307) 
on a substrate (201, 301) comprising: 

an imaging device (202, 302) having a scanning tip (203 

303); 

a light emitting device (204, 304) , and 

a space around the scanning tip, which space comprises a 
vapour of a material which is suitable for Chemical Vapour 
Deposition onto the substrate (201, 301) when decomposed, 

wherein the light emitting device (204, 304) is adapted 
to emit a light beam (206, 306), which light beam has an 
intensity that is not capable to decompose the vapour, onto 
the tip (203, 303) in such a way that an electromagnetic field 
induced by the light beam (206, 306) near the. tip (203, 303) 
is high enough- to decompose the vapour. 

2. The device according claim 1, wherein the light emitting 
device (204, 304) is a laser. 

3- The device according claim 1 or 2 , wherein the imaging 
device (202, 302) is one of an Atomic Force Microscope and a 
Scanning Tunneling Microscope. 

4. The device according claim 2 or 3 , wherein the laser 
device (204, 304) is adapted to emit the light beam (206, 306) 
onto the tip (203, 3 03) in such a way that the polarization is 
parallel to a longitudinal axis of the tip (203, 303). 

5. The device according to anyone of the claims 1 to 4, 
wherein the tip (203, 3 03) has a dimension between 5 nm and 
20 nm. 

6. The device according to anyone of the claims 1 to 5, 
wherein the device comprises a plurality of substantially 
parallel tips (303a, 303b, 303c, 303d) . 
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In th.is application the following documents are cited: 

[1] ^Focused electron beam induced deposition of gold", 

I. Utke et al t/ J. Vac, Sci. Technol. (Nov/Dec 2000), 
American Vacuum Society, pp. 3168-3171. 

[2] "Single-Step Nanopatterning with a Non-Contact SFM by 

Electrically Induced Local CVD", M.D. Croitoru et al . , mne 
2002 Lugano, pp. 290-291. 

[3] US 6 313 905 



[4] "Scanning near- field ellipsomeric microscope- imaging 
ellilsometry with a lateral resolution in nanometer 
15 range", P. Karageorgiev et al.., Applied Physics Letters 

Vol. 79 No. 11 (2001), pp. 1730-1732. 
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7. The device according to anyone of the claims 1 to 6, 
wherein the wavelength of the light beam (206, 306) is adapted 
to match the size of the tip (203, 303) so that a sufficient 
amplification of the emitted light beam is achieved. 

8. The device according to anyone of the claims 1 to 7 , 
wherein one. or more of the tips (203, 303a, 303b, 303c, 303d) 
are metalized. 

9 . The device according to anyone of the claims 1 to 7 , 
wherein the vapour is a gas out of a group of gases comprising 
Halides, Hydrides, and Metal Organic Compounds. 

10. The device according to anyone of the claims 1 to 9 , 
wherein the vapour is a gas out of a group of gases comprising 
AuClPF 3 , W(CO) 6 , TiCl 4 , TaCl 5 , WF 6/ SiH 4 , GeH 4 , AlH 3 (NMe 3 ) 2 , NH 3 , 
AlMe 3 , Ti(CH 2 tBu) 4 , Ti(OiPr) 4 , Ti(NMe 2 ) 4 , Cu(acac) 2 , and Ni (CO ) 4 • 

11. A method for patterning structures (207, 307) on a 
substrate (201, 3 01) by a device including an imaging device 
(202, 302) and a light emitting device (204, 304), the method 
comprising the steps of: 

providing the substrate (201, 301) underneath a tip (203, 
3 03) of the imaging device (202, 302) ; 

providing a vapour of a material, which is suitable for 
Chemical Vapour Deposition onto the substrate (201, 301) when 
decomposed, in a space between the tip (203, 3 03) and the 
substrate (201, 301); and 

exposing the tip (203, 303) to a light beam (206, 306) 
emitted by the light emitting device (204, 304), wherein an 
intensity of the light beam (206, 306) is not enough to 
decompose the vapour, in such a way that, the tip (203, 303) 
intensifies the electromagnetic near-field to an extend that 
the vapour is decomposed. 
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Abstract 

Device and method for patterning structures on a substrate. 

5 A device for patterning structures on a substrate comprising 
an imaging device having a scanning tip a light emitting 
device, and a space around the scanning tip, which space 
comprises a vapour of a material which is suitable for 
Chemical Vapour Deppsition onto the substrate when decomposed, 
10 wherein the light emitting device is adapted to emit a light 

beam, which light beam has an intensity that is not capable to 
decompose the vapour, onto the scanning tip in such a way that 
an electromagnetic field induced by the light beam near the 
scanning tip is high enough to decompose the vapour* 

15 
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